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HEMODYNAMIC  ALTERATIONS  DUE  TO  SALMONELLA  TYPHOSA 
ENDOTOXIN  VriTH  SFECL\L  REFERENCE  TO  THE 
CORONARY  VASCULAR  BF-D 

L  INTRODUCTION 

The  general  physiological  and  more  detailed  hemodynamic  alter¬ 
ations  produced  in  animals  fay  bacterial  endotoxins  have  been  reviewed 
fay  Thomas  (1)  and  Gilbert  (2).  It  has  been  shown  that  following  the 
administration  of  endotoxin  there  is  a  fall  in  cardiac  output  which  is 
accompanied  by  a  decrease  in  auricular  filling.  Despite  the  extensive 
literature  on  the  hemod/namic  effects  produced  fay  endotoxin  in  various 
va&cular  beds,  little  attention  has  been  given  to  the  study  of  its  action 
on  the  coronary  circulation. 

In  Gilbert's  review  (2),  it  was  held  that  there  was  'ho  evidence  to 
date  to  support  the  view  that  endotoxin  had  any  important  effect  on  myo¬ 
cardial  function."  More  recently,  however.  Maxwell  and  his  associates 
(3)  demonstrated  by  catheterization  techniques  that  there  was  a  decrease 
in  the  coronahy  blood  flow  and  cardiac  efficiency  associated  with  an  in¬ 
crease  in  myocardial  oxj'gen  utilization  following  endotoxin.  There 
was,  however,  no  significant  change  in  the  calculated  resistance  to 
flow  through  the  coronary  vascular  bed. 

This  paper  reports  changes  in  resistance  to  flow  through  the 
coronary  vascular  bed  of  the  dog  produced  by  local  administration  of 
the  endotoxin  of  Salmonella  typhosa  0901,  Resistance  was  calculated 
from  measurement  of  coronary  perfusion  pressure  with  the  rate  of 
blood  flow  to  the  coronary  vascular  bed  held  constant.  The  heart  was 
beating  but  performing  no  external  v/ork.  -  -  - 

n.  MATERIALS  AND  METHODS 

The  study  included  a  total  of  20  mongrel  dogs  ranging  in  weight  ■ 
from  10  to  18  kg.  The  animals  were  anesthetized  with  sodium  pento¬ 
barbital  (35  mg /kg),  and  artificially  ventilated  through  a  tracheal 
cannula.  The  heart  was  exposed  through  the  right  fourth  intercostal 
space.  Heparin  sodium  (3  mg/kg)  was  injected  intravenously  and  plastic 
cannulae  were  introduced  into  the  superior  and  inferior  venae  cavae  by 
way  of  the  right  atrium  (Fig.  1,  page  2).  A  rotating  disc  oxygenator,* 


^Kay-Cross  disc  oxygenator,  Pemco  Inc.,  Cleveland  31,  Ohio. 
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ABSTRACT 

HEMODYNAMIC  ALTERATIONS  DUE  TO  SALMONELLA  TYPHOSA 
ENDOTOXIN  WITH  SPECIAL  REFERENCE  TO  THE 
CORONARY  VASCULAR  BED 


OBJECT 

The  experiments  were  designed  to  determine  the  effect  of  gram¬ 
negative  bacterial  endotoxin  on  the  coronary  vascular  bed  of  the  dog. 

RESU  LTS  .  . 

When  endotoxin  was  injected  into  the  coronary'  arteries  of  the 
beating,  non-perfusing  dog  heart  under  conditions  of  constant  coronary 
blood  tlow,  there  was  a  progressive  decrease  in  the  coronary  vascular 
resistance  and  total  peripheral  resistance. 

CONCLUSIONS 

This  stxidy  provides  evidence  which  indicates  that  gram-negative 
bacterial  endotoxins  can  exert  an  important  effect  on  coronary  vascular 
resistance  and  total  peripheral  resistance. 

RECOMMENDATIONS 

The  effect  of  endoto.xin  on  coronary  vascular  resistance  should  be 
studied  in  the  denervated,  regitimzed,  and  antihistamine  treated  dog 
heart  to  ascertain  more  precisely  the  mode  of  action  oX„endotoxin  on 
the  coronary  vasculature. 
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Fig.  1.  Schematic  diagram  of  the  cardio-pulmonary  bypass  and  cor 
onary  perfusion  systems. 
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blood  heat  exchanger,  ^  and  blood  piimp^  were  interposed  between  the 
caraiulae  and  the  left  femoral  artery,  and  the  body  was  perfused  with 
oxygenated  blood  a.  37*C,  at  the  rate  of  80  to  90  ml/kg/min.  At  this 
point  in  the  procedure  positive  pressure  respiratioi.  was  terminated. 
Coronary  venous  blood  was  collected  from  the  right  side  of  the  heart 
witli  a  cannula  threaded  through  tlie  tricuspid  valve  and  this  blood  was 
returned  to  the  venous  limb  of  the  perfusion  circuit.  Left  heart  blood 
(from  arterioluminal.  Thebesian,  and  bronchial  vessels)  was  collected 
with  another  cannula  inserted  into  the  left  atrium  and  left  ventricle 
through  a  superior  pulmonary  vein. 

The  coronary  vascular  bed  was  perlused  at  a  constant  flow  rate 
with  a  second  pump*^  interposed  between  the  right  femoral  artery  and 
tlie  ascending  aorta  (Fig.  1).  After  setting  the  pump  in  motion,  the 
aorta  and  pulmonary  artery  were  cross-clamped  appro.ximately  3  cm 
from  the  lieart.  ^  This  diverted  tlie  output  of  the  pump  through  the 
entire  coronary  vascular  bed.  Hence,  coronary  perfusion  was  never 
interrupted.  Perfusion  pressure  was  measured  with  a  resis-tance  wire 
pressure  transducer.  The  external  carotid  artery  was  needled  for 
measu\-emei\t  of  systemic  arterial  pressure.  The  electrocardiogram 
was  recorded  throughout  the  experiment. 

In  ten  dogs,'  0.  6  mg/kg  of  purified  lipopolysaccliaride  (endotoxin) 
from  S.  typhosa  0901 6  was  injected  in  one  bolus  of  fluid,  usually  less 
than  2  ml,  into  the  coronary  perfusion  circuit.  Coronary  perfusion 
pressura  and  systemic  arterial  pressure  were  snonitored  over  the 
succeeding  30  minutes  with  a  two- channel  direct  writing  recoi-der.  ^ 

In  a  second  series  of  ten  dogs,  1  ml  of  pyrogenr free  water  was  injected 
into  the  coronary  perfusion  circuit  and  pressures  were  likewise  re¬ 
corded  for  the  subsequent  30  minute  period. 


^IJlood  Heat  Exchanger,  Ward  l.aboratories,  Durham,  Nortli  Carolina. 
^Sigmamotor  Pump,  Model  T-65,  Sigmamotor  Inc. .  Middleport,  New 

York.  . 

‘^Sigmamotor  Pump,  Model  T- 6,  Sigmamotor  Inc. ,  Middleport,  New 
York.  The  pump  was  independent  of  pressure  over  the  ranges  en¬ 
countered  and  was  pre -calibrated  to  deliver  ten  different  rates  of  flow. 
5post-mortem  teits  showed  the  aortic  valves  to  be  competent  to 
pressures  in  excess  of  those  encountered^ 

^Bacto  Lipoplysaccharide,  Oifco  Laboratories,  Inc. .  Detroit  1, 
Michigan. 

"^Sanborn  Model  60,  Twin-Viso,  Sanborn  Company,  Waltham. 
Massachusetts. 
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In  five  of  the  ten  experimental  animals,  blood  was  simultaneously 
withdrawn  from  the  coronary  artery,  coronary  vein,  and  pump- o>r\  genator 
before  and  30  minutes  following  the  injection  of  endotoxin.  These  blood 
samples  were  analyzed  for  oxygen  and  carbon  diojuJe  content,  serum 
socUu.-n  and  potassium  concentrations,  hemc.iocrit  and  hemoglobin  con¬ 
centration  by  the  Van  Slyke  manometric  met’icd,  flame  photometry, 
microcapillary  centrifugation,  and  photometric  method,  respectively. 

Since  vena,  cava  and  right  heart  pressures  remained  atniospheric, 
the  resistance  to  flow  through  the  coronary  vascular  bed  and  .systemic 
circulation  were  calculated  by  dividing  perfusion  pressure  by  the  rate 
of  blood  flow  and  V'as  e-cpressed  as  mm  !Ig/nil/niin. 

T.He  proportion  of  time  spent  by  the  ventriclc-s  in  systole  was 
estirn.i.ted  by  using  the  following  formula;  pfl-  cent  of  time  spent  in 
sy. stole  =  or  interval  x  number  heats  per  niin  .j;  joO 

At  the  conclusion  of  *he  experiments  the  ami:>als  were  sacrificed 
and  subjected  to  gross  and  microscopic  pathologic  examinrtion. 

m.  RESULTS 

Coronary  arterial  pressure  and  resistance.  There  was  no 
significant  change  in  the  coronary  arterial  pressure  and  resistance  in 
the  control  animals  given  pyrogen- free  water  (Fig.  2).  Following  the 
injection  of  endotoxin  (Fig.  2)  coronary  arterial  pressure  progressively 
decrea.sed  in  nine  dogs  and  remained  c.ssentially  unchanged  in  one. 

The  average  arterial  resistance  prior  to  the  administration  of  endotoxin 
was  0.  9o  mm  Mg/ml/min,  and  resistance  values  at  5,  10,  15,  20,  25, 
and  30  minutes  following- endotoxin  were  0.91,  0.89,  0.81,  0.75,  and 
0.  71  mm  Hg/ml/min,  respectively.  The  average  resistance  at  30 
minutes  wa.s  25  per  cent  less  than  the  average  control  value  (p  <  0.  01), 

Systemic  arterial  pressure  and  resistance.  There  was  no  change 
in  the  systemic  arterial  pressure  or  calculated- resistance  in  the  control 
animals  given  pyrogen-free  water  (Fig.  3,  page  6).  Systemic  arterial 
pressure  decreased  in  nine  animals  and  remained  essentially  unchanged 
in  one  dog  following  administration  of  endotoxin  (Fig.  3).  The  average 
control  pressure  was  65  mm  Ilg.  Thirty  minutes  after  endotoxin,  the 
pressure  had  fallen  to  an  average  of  47  mm  Hg.  This  represented  a 
29  per  cent  decrease  in  total  peripheral  resistance  (p  <  0.01). 

Electrocardiographic  changes.  The  effect  of  endotoxin  upon  heart 
rate  and  QT  interval  were  of  importance  because  they  permitted  an 
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(average)  98  ml/min. 


Fig.  3.  SyotciTuc  vascular  pressure  changes  in  ten  experimental  ani¬ 
mals  following  administration  of^.  tynhosa  endotoxin  (0.6  mg/kg)  and 
in  ten  control  animals  following  administration  of  1  ml  ofpyrogcn-free 
water.  Numbers  represent  calculated  values  for  total  peripheral  re¬ 
sistance. 

inference  to  be  made  regarding  coronary  vascular  transmural  pressure. 
Using  the  QT  interval  and  heart  rate  it  was  found  that  there  was  no 
sigixificant  difference  in  the  per  cent  of  time  and  ventricles  spent  in 
systole  (Table  I).  Tlie  electrocardiograms  of  those  animals  given  en¬ 
dotoxin  revealed  non-specific  T-wave  abnormalities  and  premature 
ventricular  contractienj.  Two  dogs  developed  complete  heart  block 
concomitantly  with  massive  intrapleural  hemorrhages.  Another  animal 
developed  intermittent  nans  of  various  types  of  intraventricular  conduc¬ 
tion  defects.  These  latter  animals  had  myocardial  hemorrhages. 

Myocardial  metabolism.’  There  were  no  significant  changes  in 
arterial  and  venous  hematocrit,  in|t|ie  concentrations  of  sodium  and 
potassium,  and  hemoglobin  following  endotoxin.  The  A-V  difference 
for  oxygen  and  carbon  dioxide  both  increased  slightly  (0.8  volumes  per 
cent  and  1. 8  volumes  per  cent,  respectively)  but  neither  increase  wae 
statistically  significant  (Table  II). 
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examinations. 

Free  blood  was  found  at  autopsy  in 

all  body  cavitios  of  animals  treated  with  endotoxiiu.  There  was  passive 
congestion  in  the  liver  and  spleen.  The  mucous  membranes  of  the  gall 
bladder,  stomach,  and  spleen  were  edematous  and  hemorrhagic.  Omental 
vessels  were  markedly  dilated.  Glandular  tissues,  including  the  ^pleen, 
pancreas,  adrenals,  and  testes  were  hemorrhagic  and  congested.  There 
were  areas  oi  hemorrhage  and  petechiae  over  the  surface  of  the  heart 
There  were  no  abnormalities  of  these  types  found  on  examination 
of  animals  injected  with  pyrogen-free  water. 
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IV.  DISCUSSION 


These  studies  show  that  the  injection  of  the  endoto.cin  of  S.  typhosa 
0901  into  the  coronary  vascular  bed  of  the  dog  perfused  at  a  constant  flow 
results  in  a  progressive  decrease  in  coronary  vascular  resistance.  This 
resistance  decrease  probably  results  from  active  vasodilation  either 
due  to  a  direct  effect  of  the  endotoxin  on  vascular  smooth  muscle  or  to 
an  indirect  effect  through  some  remote  action  of  the  endotoxin. 

A  decrease  in  vascular  resistance  can  be  due  either  to  vasodila¬ 
tation  or  a  decrease  in  blood  viscosity.  Howe'’^er,  since  hematocrit  and 
temperature  remained  unclianged  throughout  the  experiments,  resisto.nce 
changes  due  to  viscosity  seem  unlikely.  It  is  highly  improbable  that  the 
observed  resistance  changes  were  due  to  Uic  effects  of  viscosity  as  in¬ 
fluenced  by  the  non- Newtonian  character  of  blood,  since  both  pressures 
and  flow  rates  were  within  physiological  limits  (4). 

The  electrocardiographic  measurements  suggested  that  the  de¬ 
crease  in  vascular  resistance  was  due  to  active  vasodilatation  evoked  by 
changes  in  the  tone  of  smooth  muscle  rather  tlian  by  changes  in  coronary 
transnmral  pressure.  Since  there  was  no  significant  decrease  in  the 
time  spent  by  the  ventricles  in  systole  (calculated  from  the  QT  interval 
and  heart  rate),  it  naay  be  inferred  that  the  extraluminal  intramyocardial 
pressure  did  not  change-  With  no  change  in  the  extraluminal  pressure 
the  observed  decrease  in  resistance  must  have  resulted  from  active 
vasodilatation.  Even  though  the  amount  of  endotoxin  given  '/as  less  than 
that  used  in  previous  studies,  it  is  likely  that  because  the  endotoxin  was 
injected  directly  into  the  coronary  arteries,  the  concentration  achieved 
in  the  myocardium  was  higher.  Endotoxin,  tlierefore,  has  an  effect  on 
the  coronary  vascular  bed, 

Gilbert  (2)  suggests  that  the  effect  of  endotoxin  on  resistance  with¬ 
in  individual  vascular  beds  may  be  more  impor'ant  than  its  overall  effect 
on  the  total  peripheral  resistance.  Studies  have  been  reported  on  several 
vascular  beds  including  the  liver  (5),  intestine  (6),  lung  (7),  kidney  (8), 
and  forelimb  (9,  10).  These  studies  indicate  that  there  are  two  phases 
of  the  vascular  response  to  endotoxin--an  early,  transitory  phase  of  in¬ 
creased  resistance  and  a  longer  phase  of  lowered  resistance.  Contrary 
to  these  studies,  we  were  unable  to  demonstrate  an  increase  in  vascular 
resistance  in  the  early  phase.  There  was  a  progressive  decrease  in 
resistance  over  the  entire  30  minutes  of  the  experiment.  Whether  the 
decreased  resistance  was  due  to  a  direct  action  of  the  endotoxin  on  the 
vascular  bed  or  was  secondary  to  a  release  of  vasoactive  substances 
could  not  be  determined  during  these  experiments.  A  previous  study 
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reported  from  this  laboratory  (11)  has  shown  that  slight  increases 
local  serum  potassium  actively  dilate  the  coronary  vascular  bed  of  .rhe 
dog.  There  was,  however,  no  detectable  change  in  seium  potassiimx: 
following  endotoxin  in  this  study. 

It  has  been  suggested  (5,  12}  that  hypotension  induced  by  endo — 
toxin  is  primarily  brought  about  by  a  diminished  venous  return  and 
calculated  total  peripheral  resistance  may  even  rise  following  the  aad- 
minislration  of  endotoxin  (13).  Hinshaw  and  his  associates  (14),  on. 
the  other  hand,  have  demonstrated  a  significant  fall  in  total  peripherTai 
resistance  in  eviscerated  and  nontvisceratc<l  dogs  following  the  ad¬ 
ministration  of  endotoxin.  Utilizing  a  similar  technique,  the  29  perr 
cent  fall  in  total  peripheral  resistance  demonstrated  in  our •ejqperimsvsnaa 
is  in  close  agreement  with  the  23  per  cent  reduction  in  total  peripherra- 
resistance  reported  oy  Hinshaw  et  al.  in  both  studies  control  animaa.H 
demonstrated  no  sig'uficant  change  in  total  peripheral  lesistance.  'ilhr 
progressive  decrease  Li  the  blood  level  in  our  oxygenator  during  sta'_a.Lies- 
iavolvmg  the  use  of  endotoxin  indicated  that  there  was  a  significant 
amount  of  vascular  pooling.  These  results  indicate  that  hypotensiona 
induced  by  endotoxin  may  be  brought  about  by  both  a  peripheral  ver.ouus 
pooling  of  blood  with  a  consequent  diminished  return  to  the  heart,  a?.? 
well  as  by  a  decrease  in  arteriolar  tone. 

The  impression  of  Maxwell  and  his  associates  (3)  tiiat  the  in¬ 
creased  uptake  of  oxygen  by  the  myocardium  was  due  to  decreased  bliiooci 
flow  appears  to  be  substantiated  by  our  results.  When  the  blood  flov.-v  re.— 
mained  uncl'.’.nged,  as  in  this  study,  no  significant  change  in  the  myoo- 
car<lial  oxygen  uptake  was  observed. 

V.  SUM\L\RY  AND  CONCLUSIONS 

Under  the  conditions  of  r  esi-  experiments  (constant  coronaix' c  b.vcutd 
flow  in  a  beating,  non-pe  rfusing  heart)  tlie  administration  of  0.  6  me/  'k.: 
of  S.  typhosa  endotoxin  directly  into  the  coronary  arteries  resulted  ;dn  a. 
progressive  decrease  in  coronary  vascular  resistance  and  total  pe¬ 
ripheral  resistance. 

The  observed  decreases  in  coronary  vascular  and  total  periphesral 
resistances  appeared  to  be  due  to  active  vasodilatation. 
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S  pul  Idiiiq 

1  (hie.f  Defense  Atomic  Suppot  t  Atp-ncy,  Washington  25,  D.  C.  Attn:  Dociifnenl  IaLr>^ry  Br 

1  Civil  Aefcrcaicnl  Rusecfch  Institute*,  F**deraJ  Aviotion  Ageiu-y,  Post  Office  Pox  1002 

Gklohona  City,  Oklohofna 

1  Idlrury  of  Congf>ss,  S;ience  and  TerKnojc*jy  Division,  Woshirigton  25,  D,  C,,  Attn:  Dr* 

A.  J.  Jacobius  • 

1  ?kitior.il  Institute  of  .Keal<h,  Library,  Building  13,  Hoon  S*»H8,  Bethesdo  14,  Mary]a«)d# 
Attn:  A».''qni.si tions  Section 

1  Naticnul  Library  cl  ^•edicine«  Washington  2$.  D*  C,/  Attn;  Acquisition  Section 

1  Nationol  Jrfsti lutes  of  Health,  Division  of  Research  Grents,  Infortrition  Office,  Bethesda 

14,  Vxiryiand 

1  N'Jticijul  Rost^rch  Council,  Division  of  V^'diral  Sciences,  yedical  Kecords,  2101 
Constitution  Avenue,  N.^-  Washington  25,  D.  C* 

OTKtii  ACrNCiFS 

1  Arctic  Health  Ro^-orch  Center,  Library.  Box  9t>0,  Anchorage,  Alaska 

2  Aero-.Sf'Oce  Division,  Chief,  Sfxice  y»*dicine  Section,  Boeing  Air'pJune  Company,  Seattle  24, 

Washington,  Attn:  Or.  Porney  H«  *Lo»ty  (Pox  19*29 

1  Bering  Airplane  Corfany,  Library,  Wichita  Division,  Wichita  1,  Kansas 

1  PcK'ing  Airplane  Corpony,  Central  .Medical  Library.  Pox  11*40  post  Office  Box  3707,  Seattle 
24,  Wushingtoo 

1  (Tirysler  Corporation,  Box  1118,  En';ineering  Research  Dejartrent  921,  Detroit  31,  Michigan 
Attn:  John  Vnscce,  Engineering  Psychologist 

1  Division  cf  nadiol‘^ical  Health  •  Department  of  Health  Education  and  Welfare,  Boon 
5C!d,  S<ath  HL*  RuiJding,  Washington  25,  D,  C. 

1  Ford  Voter  Comfony,  Technirol  Information  Section,  Scientific  liiberatory.  Post  Office  Box 
2053,  Dearborn.  Vichigon 

1  (Vueral  Electric  Co*, any.  Advanced  Electronic  Center,  Cornell  University.  Ithoca,  Nee 
York,  Attn:  Ijtrory 

1  C^-neral  Electric  Cc-jany.  Terlmical  Military  Planning  Gyration,  735  State  St,  Santa 
Barbara,  Cal >fornia 

1  John  Crernr  Library,  dto  East  Randolph  Street,  Chicago  i,  Illinois 

2  K'in.;»  County  Hnspilol,  IVfKsrtment  of  An*-sthesio Jcx;y.  Brooklyn.  ,*,V» 

W.  Wei tsner 


York,  Attn:  Dr,  S. 
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1  Lcn’/enru  jttspitTl.  Divisio^i  o/  ^e^emch,  Laacnster  and  City  Line  Avenue.  ?t:i  Indelphia  31. 
Pennsylv'iaia 

1  **V3yo  Clinic.  Rochester,  Min^esoto.  Attn:  Di  .  K*^Dneth  S.  Ggle.  Section  cf  Biojiiysics 
1  Vercy  H”spitni .  Aneslhesic  r.erearch  Lnhorctory,  Pitt^La|tJh  19.  PenijifJv<r.so 

7  Notioral  A-r'^rcut it*s  ana  Ad^-inistr^tion,  1570  K.  Street.  N.  W..  ’i»c**irigtoo  25. 

D.  r.,  Attn,  i^ertfar  A.  Vulcidsy.  Assistant  Director  for  Techn.ic:.j  Isf^'rKJ tion 

1  Pomi  CorpiiatiuJi.  1700  Main  Street.  Santa  J^onica,  Califernia,  Attn:  Library 

1  S|jace  TecSnoJoqy  Laboratories.  Scict>rJtittee  on  Noise.  327  South  Aivorcdo  Street.  Los 
Aprjeles  i)7.  (^Jifornin 

1  Syc.tf-’-',  I-e.AMfch  Center.  LccWbe-Kl  Liectronics  Corpony.  Post  Office  Box  37.  Bedminster. 

NV»  Jersey.  Attn:  Mr.  P.ciert  E.  >Wber 

1  Yeikci  Lahorotories  of  Pirr*ate  -lioJo^y.  Incorporated,  CXange  Fbrk.  FJcrica,  Attn:  A. 

J.  liopelle 

VLniCAL  COLlLCE/SOiOOl.  LIIi.-APirS  AND  DmART¥ENTS 
I  Alh  an>  V.^Cicul  Colle^je  iJu^'rary,  New  Scot  lend  Avenue,  Albany  8,  ?Ce«  York 

1  Bo*.T.an  'irjy.  School  of  ?!.rviicine  Libtaty.  Vm^toO'Sales.  North  Carolina 

1  Pio*n  Ci.'versi  ty.  Proviaence  12.  Rhoie  Island,  Attn:  Professor  Lorin  A.  Hiqqs 

1  Bro*n ’.•niversity.  Providence  12.  Lho*le^Is land,  -Vttn:  Piof.  H>itoid  Schlo&berg.  Consultant 

1  Coll*r^e  of  Vedical  Eva n*je lists.  %hite  Mescriol  Medical  Library^  1720  Brooklyn  Avenue, 

Io3  AfAjeles  33.  Colifomlo 

1  ColJ**‘,r-  ui  M-d.cal  Evam^elists.  Vernier  ffedcl  i  f  fe  Mer'oriai  Lihiof  y.  Lom  Linda.  California 

1  ^‘oil^g**  :>f  Physicians  of  Philadelphia.  Littary.  19  South  22tv<1  Street,  PhiicdeJphia  3. 

Pennsylvania 

1  Colun-bio  Ur.iverr.il  ».  iWuirtv-wt  of  f^ycholoijy.  NV*  York  27.  New  York,  Attn:  Dr.  C.  H. 
CrdhiiT 

1  Culu"*!.  la  Cniversily  Modiccl  Library,  630  ^est  ICBth  S4ret‘t,  New  York  32,  See  York 
i  Cornell  University  Vedical  College  Library,  1300  York  Avenue.  Mew  York  2!,  ?»ew  York 
1  Creighton  University.  Medic uLPhoraocy  library,  1401  Davenport,  Oauha  2.  SVbroska 
1  Dartmouth  College  Medical  library,  Ifeker  Building.  Hon'vver,  New  Hampshire 
I  ilTory  University,  Defartment  of  Psychology.  Atlanta  22,  Georgia,  Attn:  Cr.  Corl  A. 
•Ajloisi 

1  riorido  Stite  University.  Depirtaent  Psychology,  Tallahossee.  florida,  Attn:  Dr.  Ww, 

W.  Do* son 

2  G«*orgc»  !»ashiiicton  University.  Himn  Resources  Researrh  Office,  P.O.  Pox  3??6,  Washington 

7,  D.  C..  Attn:  Library 

1  Hurvard  Vedical  library.  25  Sbattuck  Street.  Poston  15,  Vassochusetts.  Attn:  Librarian 

1  Morvard  School  of  FXibJir  Keolti.  IWfDrt:^nt  of  fpideriology,  1  Shattuck  Street,  Boston 

15,  ycssachusc'tt* 

1  Indirna  University.  Departirenl  of  f^yrhology,  Ploorington,  Indiana,  Attn:  Dr,  R.  C.  Dsvix 

1  Indiana  University  ^k•dicaJ  Center.  School  of  Medicine  Library,  1100  Vest  Michigan  Street, 
Indian  pol  is  7,  Indiana,  Attrr:  Lihiarion 

I  Indiana  IViversity  MedicoP  renter,  UOO  ♦♦•st  Michigan  Strvet,  Indianapolis.  Indiana, 

Attn:  .  Harris  B,  SLa'-arker,  Jr..  Piof,  of  Sundry 

1  In.iiara  University.  Analor/ ‘Physiology  Dercrtrcnt.  Hloorinqion,  Tndiain.  Attn:  Dr.  Sid 
Robinson 

1  Jeff.-rson  Mt-dinl  College  library,  l07-'WaSnui  Street,  Ihilcdelphia  7,  per-r.syl vonia 
I  Johns  Hopkins  University,  'ielcb  Vcdical  Library.  1900  E.  Monuront  Street.  P-iltirore  C. 
Moiyiond.  Attn:  Librarioa 

1  Kansas  Slote  University.  r^*iortrent  of  Psychology,  ^^lJ^hatlan,  Kansos,  Attn:  Dr,  William 
Povon,  Choirron 

1  ^brquette  University.  Medical  rente]  Librory,  SOO  North  iGth  Street.  Vil»:;.kee  3,  Wisconsin 
Attn:  Libiorian 

I  M'dicnJ  College  of  Virginia,  TcrfkiU'VcCas  Library.  Bich»ond  19,  Virginia 
Attn:  Librarian 
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1  NV*  York  Acadeny  of  Vedicine,  litrory*  2  East  I03tef  Slr«vt.  Ne*  YcrV  29,  New  York 

1  Ne-*  York  University,  CpJIe^  of  Ecqineering,  iWseorch  pivision,  2S2  Seventh  Avenue. 

Ne*  York  1,  New  York,  Attn:  Associate  FVoject  Director 

1  Ne»  York  University  t«Vaicsl  Center.  ^^<iicaJ  Librory.  550  First  Avenuev,  Nee  York  18. 

York 

1  Northwestern  University.  repor!ffv*nt  -f  Psychology,  EvonstcTi,  Ulinois.  Attn:  Uiliiom 
A.  Hunt 

1  Northwest;?rn  University  ?.VfdicaJ  f^hool,  Archibald  Qiurch  Library,  303  E.  njica{}o  Avenue. 
Oticcqo  11.  Illinois.  Attn;  Librarian 

1  Ohio  State  University.  The  Chemical  Abstracts  Service,  (olunbus  10,  Chio 
1  Chio  State  University,  flesecrch  Center,  Psycholinguistics  t.ihonrtory.  1314  Kinnecir  Doud. 
Colurbus  12.  Chio 

1  Chio -Slate  Univ^-rsi ty.  Tejxii  Lrtrary,  School  of  0;'ttT>t*try  ,  238  Urst  10th  Av*«ue. 

Coiuokus  10.  Uhio 

1  Hush  NS-diitii  College  litrary,  1Y58  kest  Harrison  Street.  Chicojo  12.  Illinois 
i  Stanford  Univv'tsity.  lane  y**dical  lacrary,  3lj0  Pasteur  Hoad.  Palo  AJto,  California 

1  Stanford  University,  !Vpartfr.ent  of  IhysioJogy,  Stenfoid.  California,  Attn:  J.  kL 

Crisaon,.  V,  D. 

1  St.  Louis  University.  'Vdical  School  Library.  1^02  South  Crand  EJvd.  St,  l^uis  4,  Mo- 

1  State  I'niversify  of  lor.u,  Cjllege  of  ^V-dicine  Lifcraiy.  Vedicul  liiboratoiies  Huilding, 

fo«a  City.  Io«a 

1  St':fc  I'Htversity  of  York.  Iio«n.stote  SVdicuJ  Crnt-r.  IVfcrtawnt  of  .titesthesiolngjr. 

450  C'-aiksoa  Avenue.  Ifrouklyn  3.  NV.  York 

X  Snit*  I'oiv-'rsity  of  Me.  York,  f'oi.nstato  Vr-oicoi  Center.  Veiiicol  Ijfcrary,  450  CJarkson 
Avenue,  tfrooki yn  3.  NVw  York.  Attn;  la^rorra. 

X  Texas  Vearral  Center  Librory.  Jesse  H.  Jones  Library  baildinq;  flniston  2S,  Texo, 

X  Tufts  University  Iiustilute  for  Aj-plieo  EsperieentoJ  Psyrkoiogy.  Veaford.  Mnssochusett. 

X  Tulone  Vniversity  School  of  Vedrcine.  1433  Tulone  Avenue,  ^(e.  Orleons  X2,  fjouisiona. 

Attn:  IV.  G.  C.  Burch.  Professor  of  Vedicine 

1  Vanderbilt  University  School  of  ^VKli<-ice.  Nashville  S.  Tennessee.  Attn;  Pr.  George  B. 
Veneely.  Director,  nodioisotope  Center 

1  West  Virginia  University,  l^iixil  Center  library.  Morgantown.  Vest  Virginia 

X  University  of  Alabami.  ISIS  Soventh  Avenue  South;  Bireinghon  3.  AJoboma 

I  University  of  Arkansas.  Vedical  Center  l.ibrary.  430X  Vest  Ikiikhar  Little  Rock.  Arkansas 

X  University  of  Buffalo.  Heaith  ficiences  Library,  ikiffalo  14,  Ne*  York,  Attn;  Librarian 

X  University  of  Buffalo.  D<-(x]rtment  of  Psychology.  Biffalo  14.  New  York 

X  University  of  California  Medical  Center.  Bioeedicai  Library,  Lo*  Angeles  24,  California 

X  University  of  Californio  X30X  South  4Stb  Street.  Riclwond  4.  California.  Attn;  Civil 

Defense  fWseerch  Project 

1  University  of  Oiicogo.  U.S.  Air  Corce  Baoiation  Liboralory.  930  56th  Street.  Chicago 
37.  Illinois 

1  University  of  Cincinnati.  Kettering  Idborotory.  EXfen  and  Betliesdu  Avenue..  Cincinnati 

19,  Olio 

X  University  of  ITorida.  College  of  iWicine.  Deportnent  of  Hiysiology.  GiinsriJle,  Tloiida 
Attn:  Dr.  Kelvin  J.  Tregiy 

2  University  of  IlJinoi*.  .Aeroeedical  laboratory.  640  S.  Waco  Street.  Chicago  12.  Illinois 

X  University  of  Illinois.  Troining  Research  laboratory,  Deportrent  of  Psychology  4S 

Lincoln  Hall.  Urfcona.  Illinois.  Attn:  Lawrence  M.  StoXuro* 

X  University  of  Illinois.  Dorueents  Division  Library.  Urhona.  Illinois 

1  University  of  Kansas  Medical  Center.  Clendening  Medical  labrary.  Kansas  City  12.  Kansas 

3  University  of  lauisvilXe.  School  of  Medicine  labrary.  101  V.  Chestisit  Street,  louisville 

2.  Kentucky 

1  l/niversity  of  Marylond,  Health  Sciences  Library,  Serials  IVpartivent.  1X1  South  Greene 
Street.  Paltirore  1.  Maryland 

1  University  of  Michigan.  Serials  and  Docurents  Section.  General  Library.  Ann  Athor. 
Michigan 
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1  rrairersitf  of  Vinnescta  Library,  Seriols  PiTxsion,  Minneapolis  14*  Minnesota 

1  rniversity  of  MissCTiri,  Medical  library.  ?AcrV2lO  Medical  Sciences  Building,  Cdu.'rtia, 

Missouri 

1  University  of  Nebraska,  Colleoe  of  Meflicine  library.  42nd  and  Dewey  Avenue.  Oaoha  5, 

Nebraska 

i  University  of  North  CaroHm,  Division  of  Health  Affairs  Library,  North  Corolira, 

VeaorAal  Hc.>pitnJ,  O.apei  Hili.  North  Carolina 
1  Univ'-rsity  of  North  Carolina,  IVfarieent  of  Vecicine,  Physiology  and  Environoentol 
Vedicioe,  Cl.npeJ  Hill.  Koffh  Coroiix>e,  Atta:  Dr.  Ricnard  L-  Dohsoii 

1  University  of  North  Carolina,  Deportaenc  of  Physiology.  School  of  Medicine.  Chapel  Hill. 
North  Carolina,  Attn:  A-  T.  Viller.  Jr. 

.1  University  of  Okluhcra  \Vdiccl  Center  library,  8CJ  V.  E-  13th  Street,  Oklcbo^a  City  4. 
Cklahona 

1  University  of  Oregon.  Vediccl  School  .library,  por  *  Mrci  1,  Oregon,  Attn!  librarian 

I  University  of  Pittsburgh,  Talk  library,  of  Ihe  Health  Professions,  Pittsburgh.  Da 

1  University  of  Pitt.shurqh.  Graduate  CcSool  of  Pablir  Ht-rllh.  Pittsburgh  13,  Pennsylvania 

1  L*ai7.Tsity  of  Rcch«*-»;«ri ,  Ato»<ie  Energy  ?ro;ect.  Technical  Report  Control  Unit,  P.O.  Box 
Stutiim  3,  rocKester  20,  New  York 

1  University  of  ftoche?;ter,  fxrhool  of  Dentistry,  260  Crittenden  Pv-levatd,  RoLThester.  New 
York.  Attnr  J»iUes  .A;  DeVeese 

1  University  of  Reebester,  Strong  MecoriaJ  Hospital,  260  Crittenden  Roulevard,  R'ochfJes ter. 

New  York  Attn:  Ur-  Herran  E.  Pearse.  Prof,  of  Surgery 

3  University  of  Southern  California.  School  of  Medicine  library,  2025  Zonal  Avenue,  Los 
A.igeles  33,  California.  Attn:  Dr.  Vilra  Proctor 

1  University  of  Mouth  rbkoto.  Medical  Library,  Verrillion,  South  PeVota 

1  University  of  Tfnnessee,  ColJe«je  of  Medicine,  Clinical  physioJc'^y,  Institute  of  Clinical 

Investigation,  62  Couth  Uinjap,  *Vr^his  3,  Tennessee 

1  Ihiiversity  of  Tennessee.  Medical  (Ml t$.  Mooney  Verorial  library,  62  South  Dunlap,  Mexphie 
3  Tennessee,  Attn;  Librarian 

1  University  of  Tennessee.  DepartsK*nt  of  Bccterlology,  Knoxville,  Tennessee.  AttnJ  Dr. 

D«  rracx  Holtmon  ■ 

1  University  of  Tettnessre,  Dti^irtaient  of  Microbiology,  6S6  Madison  Avenue,  Knoxville, 
Tennessee.  Attn:  Dr-  Pay  C.  Wopack 

X  University  of  Texos,  Mecicoi  Branch  Ubrory,  Grlveston,  Texas,  Attn:  Librarian 

1  University  of  Utah.  Vedical  Library.  Salt  lake  City  12,  Utoh 

I  University  of  Virginia,  Psychological  Uiborotory,  Peabody  Hail  Qiorlottesviile,  Virginia 
1  University  of  Veraont,  College  of  Medicine  Librory,  Burlington,  VerROnt 

1  University  of  Washington,  Utc'lth  Sciences  library,  Seattle  Washington,  Alin:  librarian 

1  University  of  Visconsin,  JWical  School  Library,  S.VI  Bldg,  N,  Charter  St.  ’4odison  G«  Wis 

1  University  of  Wisconsin,  Psychological  Abstracts,  600  N.  Pirk  Street,  ^fadison  6,  Vis 

FOREIGN 

1  British  Navy  Staff  Office,  Arry  Medical  Liois^n  Officer,  Benjamin  fronklin  Station,  post 

Office  pox  165,  Washington,  D.  C,,  Attn:  F-  P  Ellis,  Surgeon  Captain,  Royal  Navy 

1  British  Arry  Vedical  Lioxson  Officer,  British  Airy  Staff,  British  Enbessy,  Washington  d. 

D.  C.,  Attn:  Colonel  Reid 

10  Canadian  IJaison  Officer.  Office  of  The  Surccon  General,  US  Ariry,  Room  l‘/03A,  Vain  Navy 
Building,  kashirigton  25,  D«  C-,  Attn:  L.  P-  Prosseau 

3  Dvfence  Resecich  Merber,  Canadion  Joint  Staff,  2450  Massachusetts  Avenue  N-V., 
koshingtoo  6,  D.  C. 

I  Gerran  Military  Attache,  Cerran  FeaeroJ  Ministry  of  Defense,  Washington,  D.  C. 

I  Instituto  de  Ciencias  Fisiolcgicas,  Av«  Crai .  Flores  2125.  Montevideo,  Uruguay.  Atta: 
Professor  Dr,  D,  Bennati,  Director 

1  Karolinska  Institutet,  Drpartrvnt  of  Histology,  Stockholr  60,  Sweden,  Attn:  Dr.  Jon 

Wersoii 

1  Uxboratoire  de  Fhsthoiogie  et  Therupvutsgue  GeneroJes,  32  Boulevard  de  ia  Constitution^ 

Liege.  BeJguiv.  Atta:  Profesreur  2, 
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1  Oxford  Urivorsity.  Deportocnt  of  K';r<!n  Anatory,  South  Parks  Poad,  Oxford  England.  Attn; 
Dr.  A.  a.  Lira 

1  Off  of  TV.e  United  Stuti's  Arry  Attcr’r.e.  A-eriran  friosny,  T*,*  Toreign  Services  ot  The 
Lnit^d  States  of  A-**ricMe  Lcr.don,  FncJand.  ArTsy  Attache  (Medical) 

I  Royal  Society  of  .V-dicir.e  Library,  1.  Wirpole  Street,  L-nc-.n  ■M..  Eixjland 

1  I'niversita  Di  Piso.  Institute  of  Piysiolocy,  Pisa.  Italy.  Attn;  Professor  Giuseppe 

Voruin. 

2  University  of  Ttestern  Ontario,  Departrent  of  Piofhysics,  Vedical  School,  Scuth  Street, 

Iirr.'.or,  Ontario,  Ccrcoa,  Attn;  Dr,  Alien -C.  Purton 

1  University  of  sesiern  fhlario,  Mediial  School.  Pepcrtsent  of  Physiology.  Ivoodon,  Ontario. 
Cnnada.  Attn:  Professor  J.  A.  F.  Stevenson 


